INTRODUCTION
Many deck-on-pile structures are located in shallow water depths at elevations low enough to be inundated by large waves during intense storms or tsunami. Many researchers have studied wave-in-deck loads over the past decade using a variety of theoretical, experimental, and numerical methods. Wave-in-deck loads on various pile supported coastal structures such as jetties, piers, wharves and bridges have been studied by Tirindelli et al. (2003) , Cuomo et al. (2007 , 2009 ), Murali et al. (2009 ), and Meng et al. (2010 . All these authors analyzed data from scale model tests to investigate the pressures and loads on beam and deck elements subject to wave impact under various conditions. Wavein-deck loads on fixed offshore structures have been studied by Murray et al. (1997) , Finnigan et al. (1997) , Bea et al. (1999 Bea et al. ( , 2001 , , 2009 ), and Raaij et al. (2007 . These authors have studied both simplified and realistic deck structures using a mixture of theoretical analysis and model tests. Other researchers, including Kendon et al. (2010) , Schellin et al. (2009) , Lande et al. (2011) and Wemmenhove et al. (2011) have demonstrated that various CFD methods can be used to simulate the interaction of extreme waves with both simple and more realistic deck structures, and predict wave-in-deck pressures and loads.
Despite considerable previous research, establishing reliable estimates of extreme hydrodynamic pressures and forces on low elevation deck structures for use in design remains challenging due to the complex and somewhat chaotic nature of the wave interactions that occur. In this paper, new results from an extensive set of 3D scale model tests conducted to support the design of a large free-standing pile-supported wharf (or pier) are presented. The important influences of deck clearance (or air gap) and wave direction on the extreme pressures and loads exerted on the deck slab and horizontal support beams will be explored and discussed.
LABORATORY EXPERIMENTS Experiments were conducted in which a detailed 1:35 scale model of the outer portion of the wharf structure, the mooring and berthing dolphins, and the surrounding bathymetry was set up in a 63m x 14m wave basin and exposed to scaled reproductions of the extreme waves and water levels expected at the site (Fig. 1-3) . Most tests were conducted with 3-hour realizations of irregular waves synthesized from JONSWAP spectra, although tests with regular waves were also performed. Test conditions were selected to simulate extreme seastates spanning return periods of approximately 50 to 2,000 years. Different wave headings were simulated by rotating the model structure within the wave basin.
The deck model consisted of a solid deck slab supported on a welded grid of longitudinal and transverse aluminum beams, all with rectangular cross-section (Fig. 2) . The joints between the beams and the solid deck were sealed to prevent air and/or water from escaping. The deck was supported on a rigid assembly of 25 circular steel piles and 16 pile caps. The elevation of the pile assemblies and the pier deck could be varied in discrete increments by inserting spacer blocks below the base of each pile. Deck elevations from +13.9 m to +18.5m were modelled.
The local pressures on the surface of the model were measured in 26 locations using 19 mm stainless steel pressure sensors suitable for measuring impulsive pressure fluctuations with rapid rise times. The forces and moments acting on portions of the pier deck were measured in three locations. At each location, sections of the pier deck were isolated from the surrounding deck structure and suspended from a 6-axis load cell mounted on a rigid beam located above the deck. 
INFLUENCE OF DECK CLEARANCE
Results from nearly 400 tests have been analyzed to reveal the important influences of air gap and wave heading on extreme pressures and deck loads. Fig. 4 shows three examples of the relationships between wave-in-deck load and deck clearance (air gap) developed from this dataset. These figures show the maximum dimensionless force (F*) recorded on an exposed portion of the deck during 3-hours of irregular wave attack as a function of dimensionless deck clearance (C*). The design curves shown in these figures can be written in the form (1) The coefficients a and b that provide a good fit to the data are given in Table 1 
